Abstract-This
I. INTRODUCTION As an interactional way between human and computers, hand gesture is more natural, concise and direct because hand is the most flexible part of the body [1] . The recognition of hand gesture introduces hand gesture to human-computer interface to achieve human-computer interaction(HCI) which is more suitable for human behavior habit. The effectiveness and robustness under complex environment is a challenging task so far [2, 3] .
There are many algorithms of hand gesture tracking. Definite tracking algorithm can be converted into optimal problem that is finding the optimal match of object. Continuously Adaptive Mean-shift (Camshift) is a kind of definite tracking algorithm which is proposed by Bradski [4, 5] . It is based on color probability histogram and tracks the object with certain color effectively [6, 7] . But it is interfered by large area of skin color and other part of body under complex background, especially one hand goes through the other hand will result in failure of tracking.
Particle Filter is one of the random tracking algorithms. It implements Bayes Filter based on Monte-Carlo and expresses the uncertainties of tracking through particle set. It approximates the function of probability density through finding a group of random sample in state space and takes the mean value replacing the integration calculation. The tracking algorithm based on Particle Filter can maintain multiple assumptions and solve some non-linear problems [8, 9] , especially handle the background interfered and restore from wrong tracking. Usually it can get stable result [10, 11] . This paper proposes an algorithm fusing Camshift and Particle Filter to achieve better hand gesture tracking with the combination of color and motion. The experiments are implemented on the OpenCV platform and the experimental results show the effectiveness of the proposed algorithm. 
The center of the searching window is moved to the centroid as soon as the color centroid of the object is found and the size of searching window is adjusted according to the sum of pixel value of object. The moving distance of searching window is compared with default threshold. If the moving distance is larger than the threshold, the centroid of window will be recalculated and the location and size of searching window adjusted until the distance between the center and the centroid is less than the threshold or the cycle time is the maximum. The convergence condition is satisfied and next frame image begins. The threshold is very small compared to searching window.
For current frame, the second-order moment can be calculated as   , then length l and width w of searching window which are through centroid and perpendicular can be expressed as
l and w is the long axis and short axis of ellipse respectively if ellipse is used to focus the current object.
They can be drawn by computer and l and w is the length and width of next frame respectively.
B. ParticleFilter
Particle Filter, based on Monte Carlo, is a sequential importance sampling (SIS) algorithm by sampling random state particle to express its distribution from posterior probability. The object tracking based on Particle Filter can be described as estimating the system state under a certain group of observing condition.
In object tracking, the state-space model of a dynamic system can be described as Before getting the observation value atevery moment, we use the state of the formermoment to estimate
is theobservationvalue at time 1tok-1.
After getting the observation value, we update the prior probability density by Bayes formula and then get the posteriori probability density Dynamic model cannot predict effectively sample sequence not included in the training set. This paper adopts the uniform velocity model to achieve a hand gesture tracking, which is weak in learning ability but enough for some common hand movements. This paper uses non-geometric characteristics to describe hand, such as color feature and motion information. Therefore, we need a reliable observation model. In order to solve the problem of interference caused by skin-colored objects, particle weighting is only done in moving skin-colored regions and motion-color probability distribution in the region can be obtained at the same time.
The zero-order moment of object color probability distribution Then the new likelihood function  
where  is an empiricalconstant obtained byobserving the tracking experiment.
Finally, the state of the hand can be estimated by the particle weighting. Figure1 shows that the searching window is disturbed when one hand is passing another one which will result in failure tracking. Next we use Particle Filter to track hand gesture in the same situation and the number of particles is 500. The tracking process is shown in Figure 2 . Considering that both of them have their own advantages and disadvantages, this paper proposes a new approach to track hand gesture based on the fusion of Camshift and Particle Filter. At this time, the number of particles is set to 75. The tracking process is shown in Figure 3 .
The proposed algorithm overcomes the skin-colored interference and improves robustness of tracking in Figure  3 .You can see that the proposed algorithm still keeps effective tracking and achieves the improving target.
V. CONCLUSION Camshift is real-time but cannot deal with the problem of large area skin-color interference, while Particle Filter can solve this problem but it is poor in real-time performance. So this paper proposes a novel algorithm combining Camshift and Particle Filter. It takes into account the large area skin-color interference and hand gesture changing when tracking. The experiments show that the proposed algorithm works better in optimizing tracking effect and improving real-time tracking performance. It can track hand gesture of object accurately, handle the problem of interference and make preparations for hand gesture recognition and comprehension next.
